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NEW ORGANIC PHOTOCHROMIC 
AND NON-PHOTOCHROMIC MATERIALS 



5 BACKGROUND OF THE INVENTION 

The invention relates lo new transparent, photochromic and non-photochromic 
organic materials, whidi have a high refractive index with no optical distortion in the mass, 
to a process for their preparation, and to articles formed from these materials. 

The production of a photochromic ophthalmic lens made of plastic material is very 
10 diffioilL idcaHy.tbcpolymcrmatrixofsuchalensshouldbethermaliycrossUnk^^ 

be free of optical distortion in the mass, and should be capable of receiving and of bring 
cn)sslinked in the presence ofappropriate mixtures of photochromic color^^ agents, such 
as spiroxazines and chiomencs. in order to obtain a material with a high initial transmission 
before exposure and an extensive darkening capacity after exposure, all this with rapid 
15 darkening and Oghtening kinetics. Moreover, the material should have a low thermal 

dependence, a high fatigue strength, and a high refractive index. 

Several materials have been suggested for making such materials. For example, 
WO-A-92/05209 describes a copolymer, which is free of optical distortions, which is 
suitable for manufacturing glasses for eyeglasses, which is obtained by radical 
20 polymerization ofa first monomer having the followngfonnula: 

Ri Rj 

CH,=t-C-(OCH-CHJ. ^-^O^R3.^O^-(CH,-CH0),-C-C=CH, 
O ° 
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in which a and b arc whole numbers from 0 to A, R, and Rj = H or CH,. and R, = -0-. -S-. 
-CO- -SOj-, -CHj-, -CH=CH- or CH,-C-CHj. with a second monomer which can be 
styrene or a styrenc derivative, and optionally, a third monomer which can be an aromatic 
vinyl compound or an aromatic methacrylaic, in the presence of an initiator of the peroxide 
5 type and a chain transfer agent chosen from various brominated compounds. While the 

copolymer of the above reference may provide a polymer matrix for a photochromic article, 
such as a lens, attempU to incorporate photochromic coloring agents in the copolymerizable 
composition failed because the coloring agents tend to be destroyed by the peroxide 
initiator. And even if the peroxide initiator is replaced by a gentler radical polymerization 
1 0 initiator, such as a diazoic compound such as azo-bis-isobut>Tonitrile, the material which 

is obtained is still unsatisfactory because the photochromic coloring agents are inhibited by 
the brominated chain transfer agent which is used, as the present inventors were able to 
observe. 

One method which has been suggested for overcoming the above problems is to 
15 incorporate the coloring agents in the matrix after polymerization, for example, by a 

thermal difEiaon process. However, such a process tends to be ineffident, adds to the 
manufacturing cost of the material and compficales its process of manufacturing. 

In order to remedy the above problems, co-pending, co-assigned French Patent 
AppEcationNo. 95 08424, filed July 12, 1995. for "New photochromic organic matcrials," 
20 (herein incorporated by reference), discloses a new transparent photochromic organic 

materials having a refractive index greater than 1.55 and free of optical distortions, obtained 
by radical polymerization of a polymerizable composition containing: 

a) 80 10 95 wt% of at least one monomer represented by general formula (I): 

25 CH, 

CH,=C-J-(OCHR^^-0.^0^ -C. (oj -0-{CH,^HR0).-C-C=CH3 

in which R = H or CH^, and m and n.are independently 1 or 2; 
3 Q b) 5 to 20 wt% of at least one aromatic monovinyl monomer represented by general 

formula (II): 
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where R| =HorCH, 



S c) oplionally. up to 10 vn% of an aromatic divinyl monomer represented by the 

general formula (HI): 

where Rt=H or CH3.\/^ 

d) an effective quantity of at least one coloring agent giving the material 
photochromic properties, chosen from the group of the spiroxaancs, spiropyrans and 
chromenes; 

e) an cffeclwe quantity of a chain transfer agent; and 

f) an effective quantity of a radical polymerization initiator; 

15 charaaerizcd by the feet that the chain irahsfcr agent is a straight-chain alkaneihiol, and the 

radical polymerization initiator is a diazoic compound, as well as a process for preparation 
of these photochromic materials and pholochromic articles consisting of these materials. 

Although the photochromic materials described m the aforementioned French patent 
application represent a significant advance, there continues to be a need for organic 

2 0 materials which are easier and therefore less costly to form into lenses free of optical defects 

SUMMARY OF THE INVENTION 
Briefly, the invention relates to new transparent organic photochromic and non- 
photochromic materials which have a refractive index higher than 1.55 and which arc free 
25 of optical distortions. In particular, the invention relates to an organic material condsting 

essentially of a copolymer q£ 

a) 50 to 90 and preferably 55 to 70 wt% of units derived from at least one monomer 
represented by general formula (I): 

CHi=C-C-<OCHR-CHJ.-0. ( O > -C- (OJ -0-(CHj-CHRO).-C-C=CH, 
O — CHi 0 
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in which R = H or CHj, and m and n arc independently I or 2; 

b) 10 10 30 and preferably 15 to 25 wtVo of units derived from at least one aromatic 
monovinyl monomer represented by general formula (II): 



where Ri = H or CHj 

c) up to IS wt.%, preferably 2 to 6 wt. % of units derived from an aromatic divinyl 



10 



15 



30 



monomer represented by general formula (m): 

/Y(C = CH^, 

where R,=H or CH,; 

d) 1 to 20 and preferably S to IS wt% of unks derived from at least one 
(meth)acrylic monomef corresponding to the general formula (TV): 



CHj = C(R)-COOR' 



inwhichR=HorCH,. 

20 R' is & straight-chain or branched C« to C,« alkyi radical, an alkyiaryl radical, or a 

polyoxycthoxylatcd group with formula -(CHi-CHiO),^' in which n = I to 10 and R' = 
CH, or and 

e) optionally, an eScctive quantity of at least one coloring agent giving desired 
photochroniic properties, chosen from the group of the spiroxazines. spiropyrans and 

25 chromenes. 

In another aspect, the invention relates to an organic photochromic and non- 
photochronJic material which fiitther includes at least one non-photochromic coloring 
agent 

In still another aspect, the mvcntion relates to a process for the preparation of new 
transparent, organic materials, which have a refractive index greater than 1.55 and wAich 
are free of optical distortions, the process consisting of the radical polymerization of a 
polymcrizable composition comprising: (a) the monomers of formulae I, H, m and IV as 
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defined above; (b) optiooally. an effective quantity of at least one coloring agent giving the 
desired photochromic properties, chosen from the group of the spiroxazines. splropyrans 
and chromenes; (c) optionally, an effective quantity of at least one chain transfer agent 
chosen from a group consisting of the suaight-chain allcancthiols. the alkaneibols 
substituted by at least one aryl or alkyl radical, and the thiophenols; (d) an effective quanuty 
of at least one radical polymerization initiaton and (e) optionally, a hindered amine light 
subilizcr. 

In a further aspect, the invention relates to a method of making aa transparent 
organic material having a base Unt by first fomung a transparent organic material by the 
radical polymeriration of components (a) through (e) as above, and subsequently applying 
a non-photochromic dye to the photochromic material. In yet another aspect, the non- 
photochromic dye is combined with the polymerizable matrix so that the resulting 
photochromic material combines both photochromic and non-photochromic dyes. 

For the purposes of the present invehVion, the term ■(meth)aciyUc- means acryfic 
or methactyUc; and for ease of discussion, "organic material" means either photochromic 
or non-photochromic transparent organic materials. 

DETAILED DESCRIPTION OF THE INVENTION 
The organic material of the invention is characterized by having a rcfracdve index 
greater than 1.55, and which is prepared by the radical polymerization of a plastic matrix. 
In the preferred embodiment, the coloring agent is incorporated b the polymerizable 
composition to obtain direcUy, after polymerizauon, and optionafly, an organic material 
having desired properties. As a variant, it U also possible to produce the organic material 
by first preparing a nonphotochiomic material by polymerization as described herei^ and 
subsequently imparting photochromic properties, for example, by diffusion of a 
photochromic coloring agent, as is wdl known in the art. 

The polymerizable organic matrix of the invention is composed of (a) monomers 
• selected from formulae I. U, m, and IV as defined above, (b) optionally, a photochromic 
coloring agent or dye. (c) optionally, a chain transfer agent (CTA). (d) a radical 
polymerization initiator or catalyst, and (c) optionaUy. a hindered amine light stabilizer 
(HALS). Thevarious components of the inventive matrix is further described below. 

Monomers of formula I are weU known and are commerdally avaflable. One 
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particularly preferred monomer of this class is Diacryl 121, which is available from Akzo 
Nobd, N.V., Netherlands, in which R.= Handmandn = 2. When this monomer is present 
in an amount below 50 wt,%, the matrix tends to exhibit excessive shrinkage during 
polymerization, leading to pre-mold release, which in turn leads to material having poor 
optical quality. Above 90 wt. the resulting material also tends to exhibit poor optical 
quality. 

Examples of monomers of formula n include, styrenc and methylstyrcne. Because 
styrene has a rather high refractive index (1.595), it has the benefidaJ effect of inaeasing 
the refractive index of the organic material. When styrenc is present in an amount below 
10 wt. %, the material tends to be of poor optica! quality (i.e., bire&ingence due to 
mechanical stress), low strength, and low refractive index. Above 30 wt. Vo, the matrix 
tends to stick to the mold during polymerization, and a decrease in the kinetics of the 
resulting photochromic material is observed. By reduced kinetics in photochromic 
properties wc mean that there is observed, slow darkening when the photochromic material 
is exposed a light source, and when the light source is eliminated, the rate of Dghtening is 
also slow. In general, the faster the kinetics, the higher the thermal dependence. We have 
also observed that materials having excessively high thermal dependence have a tendency 
not to darken suffidenlly when exposed to light Therefore, there is a need to find an 
optimal amount of styrene and other monomers in order to have a proper balance of fast 
response and level of darkness achieved. Styrene is the preferred monomer of this class of 
monomers. 

Monomers of formula m are represented by divinytbenzene and 
d!(methyivinyi)benzene. Divinyl benzene (DVB) is the preferred monomer of this class. 
We have found that when tWs monomer is absent, the resulting photochromic material tends 
to exhibit slow kinetics, and the level of darkening when the material is exposed to light is 
less than optimal. When this monomer is present in amounts in excess of IS wt.%, 
excessive shrinkage is observed, leading to pre-mold release and optical defects. In 
addition, at amounts over 15 wt %, the glass transition tcmperanjre (T^ increases, but the 
mccham'cal strength decreases. We have found that kinetic properties, darkening level, 
molding, and strength are all optimized when this monomer is present in an amount in 
the range of 2-6 wt %. As is the case with styrene, the preferred monomer, D\'B has a 
refiractive index of 1.61, and therefore, it has the additional benefidal effect of increasing 
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the refractive index of the photochromic material. 

Wc have found that there is an optinial range of the ratio of the monomer of formula 
in to the monomer of formula H. In parti^lar. we have found that when the monomer of 
formula n is styrene. and the monomer of formula IH is DVB. then preferably, the ratio of 
DVBrSTYRENE is no greater than 1.5, more preferably, it is in the range of 0.004-0.4, 
and most preferably inthe range of 0.08-0.24. For ease of discussion we wfll refer to this 
ratio of DVB:STYRENE as R. We have found that provided the sum of DVB + 
STYRENE remains constant, the higher the value of R, the faster the Idnctics (darkening 
and lightening or lading), and the lower the impact strength. Also, the higher the value of 
R, the darker the photochromic material when exposed to light. Finally, wc have also 
observed a slight increase in refractive index for a matrix which did not contain the 
monomer of formula IV. As the value of R reduces, the reverse of the above observations 
is true. 

The monomers of formula IV, the (meth)acrylic monomers, are also wdl-knowh 
products which are commercially available. Examples include, the butyl. pent>i hexyl, 
heptyl. octyl. and 2-ethylhexyl (rocth)acrylates (EHKIA), as well as ethyltriglycol 
(meth)actylatc. The preferred monomer of this class is EHMA. Below 1 v.i. % the 
resulting material exhibits low makbg the material difBcult to finish (grinding, polishing 
and edging). Therefore, it is desirable to have this monomer is sufScicnt amount to 
overcome the above difficulty. However, because EHMA has a low refractive mdex(1.5), 
it also has the disadvanuge of lowering the refractive index of the photochromic material. 
Thus, at EHMA value at the lower Dmit of I wt.%, the refractive index of the resulting 
material is 1.575. However, at amounts in excess of 20 wt %. the refractive index of the 
resulting photochromic material drops to below I.S5. Generally, we have found that the 
optical quality of the photochromic composition, the T^ and the Enishing properties are 
optimized when this monomer is present in an amount in the range of 5-15 wt»/.. 

Thus, for the inventive organic material, by an appropriate chpice and amounts of 
monomers it is possible to adjust the optical properties of the final material. For example, 
for photochromic materials, kinetic properties such as speed of darkening, speed of 
lightening, etc. may be adjusted as needed. In particular, by the addition of a monomer of 
fomuila n such as styrene to the dimcthaayCc compound of fotmula I, it is possible to slow 
the kinetics of the coloring agents which otherwise would be intrinsically too fast in the 
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mclhacrylic matrix. Conversely, the incorporation of a third monomer sclcaed from the 
monomers of fonnula III such as divinyl})enzene, results in an increase in the speed or 
kinetics of a coloring agent which would otherwise be too slow in the methyacrylic matrix. 
Thus, by a wise choice . of the weight ratio of (he monomer of fonnula n/monomcr of 
5 fonnula DI in a dlmethacryGc matrix as described above, it is possible to adjust the Idnecic 

parameters of the photochromic process to a desired value, without altering the optical 
quality of the resulting materials, and while maintaining a high refractK'e index. The 
incorporation of the fourth monomer of formula IV in the proportions defined allows one 
to obtain more readily, thick lenses which are free of optical defects (distortions, stresses, 

10 cords, etc.) without altering properties such as the glass transition temperature T,, the 

impaa strength, or the refractive index. 

The photochromic coloring agent can be chosen from the general classes of the 
spiroxazines, spiropyrans and chromenes which have photochromic properties. Quite a few 
photochromic coloring agents of this type arc described In the literature and are available 

15 commercially. Useful spiroxazines are described in co-pending, co-assigned French patent 

application no. • " . by Chan, titled "Photochromic Spiroxazines, 

Compositions and Articles,' herein incorporated by reference. Spiroxazine coloring agents 
which can be used arc described particularly in U.S.-A-3,562.172, 4,634,767. 4,637,698, 
4,720,547, 4,756,973. 4,785,097. 4,792.224. 4.816.584, 4.831,142, 4,909.963. 4.931,219, 

2 0 4.936.995. 4,986.934. 5.114.621, 5.139.707. 5,233.038. 4.215.010. 4.342,668. 4.699,473, 

4,851.530, 4.913.544. 5.171.636, 5.180,524, 5,166,345 and in EP-A 0,508,219. 0,232,295. 
and 0,171,909. among others. Chromenes which can be used are described in 
U.S.-A-567,60S. 4,889,413, 4,931,221. 5,200,116. 5,066,818, 5,244,602. 5,238,981, 
5.106,998. 4,980,089. 5,130.058 and EP-A-0.562.915. among others. Furthermore, 

25 spiropyrans which can be used arc generally described in "Photochromism," G. Brown, 

Editor - Techniques of Chemisuy - Wiley Interscience - Vol. m - 1971 - Chapter III - 
Pages 45-294 -ELC.Bcrtclson; and "Photochromism: Molecules & Systems," Edited by 
K Durr - R Bouas-Laurent - Elsevier 1990 - Chapter 8: Spiropyrans - Pages 3 1 4-455 - R. 
Guglxelmetti. The teachings of all these patents and documents are incorporated here by 

30 reference. 

On an indicative and non&miting baas, when one wishes to produce a photochromic 
organic material, the proportion of photochromic coloring agent(s) to be incorporated in 
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the polymcrizabic composition can range from 0.01 to lO.O wt%. preferably from O.Ol to 
5 wt%, and more preferably, from 0.05 to 1.0 wt.% with respect lo the weight of the 
monomers. 

Various combinations of coloting agents may be used in order to obtain a desired 
5 color or tint. For example, it is possible to lisc a combination of photochromic coloring 

agents giving a gray or brown tint in the darkened state. In one paniculariy usefid 
embodiment, the photochromic dye consisted of a mixture of coloring agents comprising 
two spiroxaanes and two chromcnes. We have found the foUowing specific coloring agents 
to be paniculariy usefiil for the invention: 

Dye Manufacturer Chemical type 

BlucD (Great Lakes) Spiroxazinc 

Red PNO (Great Lakes) Spiroxazine 

Yellow L (Great Lakes) Chromcnc 

Sea Green (James Robinson Ltd.) Spiroxazine 

3^5 BenyRcd ' (James Robinson Ltd.) Chromcnc 

The chain transfer agent (CTA). can be incoiporated in the polymerizable 
composition in a proportion of up to 5 wL%. preferably. 0.01 to 2 wt.'/.. and more 
preferably in an amount in the range of 0.01 to 1 .0 wL% with respea to the monomers. 

20 For thin organic materials such as thin lenses measuring 2.0 nun in thickness or less, it may 

not be necessaiy to incorporate a CTA in the matrix. However, for lenses greater than 2.0 
mm in thickness, a CTA may be required in an amount within the stated ranges. At 
amounts greater than 5 wt.*/. the T, drops and the lens becomes so soft as to make it 
difficult to fimsh the lens. We have found that at an amount of about 0.9 wt. % » rather 

25 wide range of lens tHcknesses (1.5 - 20 mm) canbe manufactured. Preferably, the selected 

CTA is a non-halogenated chain transfer agent because we have found that haJogcnatcd 
CTAs tend to destroy the dye during polymerization, and for some dyes, halogenated CIAs 
may also lead to a gradual discoloration of the lens with use. 

The chain transfer agent can be chosen from among, straight-chain C, to Cj, 

3 0 aDcaiiethiols. aDcanetWols substituted by at least one aiyl or alkyl radical, and thiophenols. 

Straight-chan C, to C,« aDcanethiols are preferred because they offer less volatility than the 
C, or C, horoologues. Specific examples are butarethiol. pentanethiol hexanethiol. 
heplanethiol. octanetKol. decanethiol, dodecanethiol, and tetradecanethiol. Another class 
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of products which are useful as CTAs for the iavention include bis-merccaptoethyi ether 
(MEE), having the general formula HS-CHiCH,-0-CH,CHj.SH. The preferred CTA for 
the invention is dodecanethiol. 

We have found that for photochromic materi^s, the higher the amount of CTA, the 
faster and the darker the resulting photochroniic material. Also, as the level of CTA 
increases, the T, decreases, strength (impart resistance stress) increases, rc&activc index 
decreases, and optical quality (stress and striae) improves. As the level of CTA decreases, 
the converse is true. For non-photochromic materials it is not necessary to incorporate a 
CTA in the organic composition. If a CTA is to be used, non-halogenated CTAs are 
preferred as halogcnated CTAs may lead to discoloration. 

For the photochromic material, any catal>'st which will not reaa with the coloring 
agent or dyes may be used. We have found that non-peroxide initiators are particulariy 
suited to the present photochromic material, preferably, initiators of the diazo type. These 
compounds are well-known and available commercially. Examples of specific diazoic 
initiators are azobisisobutyronitrile (AIBN) and 2,2'-a2obis(2-methylbutyronitriIe) 
(AMBN), among others. The catalyst may be present in amounts in the range of 0.01 to 
1.0 wl.%, preferably, 0.05 to 0.5 wl.% based on the monomer^. At catalyst levels below 
about 0.05 wt%, it becomes necessary to increase the temperature rignificantly m order to 
initiate the po^erization reaction. Excessive temperature lead to "run-away", making the 
process diflBcult to control. At catalyst levels above 0.5 wt.%, excess amount of free 
radicals may be generated, and these free radicals may destroy the dyes and lead to fatigue 
in ihc resulting photodiromic material In addidon, vAen the amount of initiator is over 0.5 
wt.%, the reaction may proceed so fast that il may be difScult to control 

We have found that peroxide initiators such as the tert-butyl, isobutyi^, lauiyl, 
' benzoyl, and substituted benzoyl peroxides tend to interact with the coloring agent and are 
therefore not usefid for the present invention. Other examples of useful radical 
polymerization initiators can be found in "Polymer Handbook" J. Brandrup and E.H. 
Lnmergut- Waeylntersdenccs, Part H, pages 20 to 42. Therefore, when a photochromic 
coloring agent is incorporated in the polymerizable composition for directly producing an 
organic material with photochromic properties by copolyraerization, it is appropriate to use 
a diazoic initiator and to exclude the presence of any peroxide initiator in order to prevent 
degradation of the photochromic coloring agent during copolymcrizauon, as disclosed in 
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the aforementioned French patent appUcatioa 

The joint use of an alkanethiot as the chain transfer agent, and a diazoic compound 
as the initiator aflows one to prepare a photochromic material with excellent properties by 
radical polymerization in the presence of at least one photochromic coloring agent. In 
particular, we have found that the preferred chain transfer agents, the straight chain 
aDcanethioIs. have a chain transfer coeffidenl of zero with our preferred catalysts, the diazo 
compounds. Of course, for non-photochromic materials, peroxide initiators may be used 

in addition to the diazo initiators. 

Wc have found that the use of HALS in the present invention provides useful 
stabflizing effect to the matrix. In the absence of HALS, the resulting photochromic 
material tends to discolor with use. That is. in the dear state, the photodiromic material 
exhibits an unintended tint. In one experiment, a blue discoloration was observed. In 
amounts greater than 2 wL%. the HALS tends to hinder polymerization. 

The invention also rdates to artides consisting wholly or in part of an organic 
materials according to the inventioa Nonlirailing examples of sudi articles are ophthalmic 
coirective lenses, sunglasses, windows for vehides or buildings etc. In these artides. the 
organic material of the invention can constitute the whole thickness of the anide (mass 
artidc) or can be in the form of a film or stratified layer applied on a transparent organic or 
mineral support. 

Ophthahnic lenses are the preferred artides and can be conveniently produced by 
polymerization in lens molds, for example, as described in U.S.-A-2.242,386. 
U.S.-A-3.l36.q00 br U.S.-A-3.88 1,683. 

For a better understanding of the inventio^ the foUowing nonlimiting examples are 
given. All the indicated proportions are parts by weighL In all the examples, the 
polymerization of the polymcrizablc composition was carried out in a lens mold under the 
following condmons:the polymcrizable composition is heated to SS'C so zs to bring about 
the thermal degnidaUon of the diazoic compound with rdease of. free radicals; this 
' temperature is maintained for 16 hours; the temperature is then raised to 90°C, and this 
temperature is maintained for 2 hours. Then, the lens obtained is removed firomthe mold 
and annealed at 120* C for 1 hours. The raw materials used in the examples are listed 
below: 
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Monomers: 

Diacryl 121 of Akzo Chemical (DIA) 
Styrcnc (STY) 

Divinylbcnzene (DVB) 
5 2-clhyIhexyl methacrylale QAAEH) 

Butyl mcthacrylatc (MAB) 
Ethyltriglycol mcthacrylatc (MAET) 

Catalysts (radical polymerizalion initiator): 
10 2-2' Azobls 2-mcthyIbutyronhrilc (AMBN) 

Chain transfer agent (CTA): 

1-dodecanethiol (DDT) 

15 Photochromic coloring agent: 

Red PNO, a spiroxazlne marketed by the company Great Lakes. 

Examples 1 to 8 

20 Eight compositions according to the invention were prepared, and they were 

polymerized into plane lenses 2 mm thick (Examples 1-3, 7 and 8) or into corrcaivc lenses 
with -4 diopters with a thickness in the center of 1.5 mm OExampIes 4-6) by the general 
polymerization process described above. Table I which follows summarizes the 
formulations of these polymeiizable compositions in wt. 

25 
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Ex 


DIA 


STY 


DVB 


MAEH 






AMBN 


DDT 


Coloring 


R-E>VB 
STY 


I 


64 


72 


3 


10 






0.2 


1 


0.02 


0.136 


2 


64 


22 


3 




10 




0:2 


I 


0.02 


0.136 


3 


64 


22 


3 






10 


0.2 


1 


0.02 


0.136 


4 


58.4 


24.8 . 


5 




10.8 




02 






0:202 


5 


64 J 


22 


2.2 






n 


0:2 


0.5 




0.100 


6 


65.8 


22S 


22 


9 






0.2 


0.5 




0.098 


7 


62.6 


21.4 


43 






10.7 


0.2 


\ 




0201 


8 


65.4 


22.4 


X8 


9 






02 


0.4 




0.125 


•9 


62.4 


19.4 


4.0 


13.0 






0.2 


OS 


:i53 


0206. 



•This composttioo ibo oontiined OJ mX^A of* HALS. 



All the lenses prepared from the compositions of Examples I to 9 above were of 
good optical quality: no visible stress in polarized light or defects (cords, convection lines) 
were visible by shadowgraphic method. 

In the lenses of Examples 1, 2. 3, and 9 the optical transmission at 560 nm was 
measured before and after exposure for 15 min under a xenon lamp (40.000 bc). wiih the 
following results: 



Lens of Example 


Transmission Before 
Exposure (■/•) 


Transmission After 
Exposure (%) 


1 


88.2 


14.5 


2 


87.7 


14,2 


3 


88.1 


11.9 


9 


87.5 


30.0 



These lenses have good photochromic propenies. 

The lenses of Examples 4, 5, and 6 were subjected to the drop ball test defined in 
-Use of Impaa Rcsistant Lenses m Eyeglasses and Sunglasses," Code of Federal Regulation 
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2 ICFR 80 M 10 Washington D.C., April 1 , 1990. All ihc lenses pass ihe lest successfully. 

Measurements of the refractive index n^o. of the Abbe number and of the glass 
transition temperature were made on the lenses prepared in Examples I to 8, with the 
following results: 



10 



15 



Lens of Example 




vd 


Tg."C 


I 


1.5581 


36.9 


118 


2 


1.5581 


36.7 


121 


3 


1.5599 


36.7 


113 


4 


1.5595. 


36.3 


124 


5 


1.5588 


37.0 


112 


6 


1.5586 


36.8 


121 


7 


1.5606 


36.4 


110 


8 


1.5594 


36.5 




9 


1.5560 


37.6 


112 



The Shore hardness D of the lens of Example 7 was also measured. It was equal 

to 86. 

As slated earlier, it is also contemplated by the present invention to provide a 
2 0 method of forming a photochromic organic material having a base lint by first forming a 

photochromic material according the present invention, and subsequently imparling a tint 
10 the photochromic material by any known method such as by ihermal diffiiaon (dipping 
or spraying). Any non-photochromic dye can be used provided such dye exhibits little or 
no interaction with the photochromic dye. The non-pholochromic dye can also be 
25 incorporated into the polymaizable matrix in the same manner as the photochromic dye 

provided the non-photochromic dye is compatible with, and will not interact with, the 
photochromic dyes. 

The embodiments described above are illustrative and not exhaustive. It will be 
clear to persons skilled in the an that the above illustrations can be modified, particularly 
30 by substitution of technical equivalents, without consequently leaving the intended scope 

of the invention. 
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• 1 . Transparent organic materials having refractive index greater than 1.55. the 
material consisting essentially of a copolymer of: 

(a) at least one monomer represented by general formula (0. . 

CH, ^ 

CH,=C-C-(OCHR-CH^.-0- (o) -C- ^ -0-<CH,-CHRO).-C-C=CH, 
O CH, 0 

in which R = H or CH,. and m and n are independehUy I or 2; 

(b) at least one aromatic monovinyl monomer represented by formula (U). 

Ri = HorCH,;and \^ 

(c) at least one (meth)actyDc monomer represented by formula (IV). 

CH, = C(R)-COOR' 



inwhichR = HorCH,. 

R' is a straight-chain or branched to C,. alkyi radical, an alkylaiyl radical, or a 
polyoxyelhoxylated group vdth formula -(CH,-CH,0).R' in which n = 1 to 10 and R' = 
CHjorC^j. 

2. Tlie organic material according to Claim 1, further comprising an aromatic 
divinyl monomer represented by forroula (HI), 



(C-CHjX 



whercR,=H.orCH, 

3. Hie organic material .acxiording to Claim I, further comprising at least one 
chain transfer agent 
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A . The organic material according to Claim 3 , wherein the chain transfer agent 
is a non-halogcnaied chain transfer agent selected from the group consisting of straight 
chain alkanethiol and bis-mercaploelhyl ether. 

5. The organic material according to Claim 4, wherein the chain transfer agent 
is a straight chain alkanethiol selected from the group consisting of butancthiol, 
pcntanethiol, hexanelhiol. hcptanethiol, octanelhiol, decanethiol, dodecanetHol, and 
tetradecanethiol. 

6. The organic material according to Qaim 4, wherein the chain transfer agent 
is a bis-mcrecaptoethyl ether (MEE), having the general formula HS-CHXHi-O-CH^CHj- 
SR 

7. The organic photochromic material according to Claim 2, further comprising 
at least one photochromic coloring agent. 

8. The organic material according to Claim 7, whcrem the photochromic 
coloring agent is selected from the group consisting of spiroxazines, spiropyrans and 
chromcncs. 

9. The organic material according to Claims 1 or 7, further comprising a 
hindered amine stabilizer. 

10. The organic material according to Claim I or 7, fiirthcr comprising at least 
one non-photochromic coloring agent. 

11. The organic photochromic malciial according to Claim 1, consisting 
essentially of 50'to 90 wt% of the monomer represented by formula (I); 10 to 30 wt% of 
the aromatic monovmyl monomer represented by formula (II); and 1 to 20 wt% of the 
(meth)aayUc monomer represented by formula (TV). 
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12. The organic material according lo Claim U. fUnher comprising up to 15 
of an aromatic divinyl monomer represented by the formula 



10 



15- - 



20 



25 



30 



.(C = CH^ 

1 O 1 

where 



I.j = HorCH,; <^ 



13. morgamc materia] according lo Oaim 12. further comprising 0.01 to 10 
wt. % of a photochromic coloring agenL 

14. -n* organic material according to Claim 13. wherein the ratio of aromatic 
divinyl monomer to the aromatic monovinyl monomer is in the range of 0-1 .5. 

15. -n^ organic material according to Claim 14. wherein the ratio of aromatic 
divinyl to aromatic monovinyl monomers is in the range of 0,004-0.4. 

16 The organic material according to Claim I. comprising 55 lo 70 wt% of the 
monomer formula (I); 1 5 to 25 wi% of the aromaUc monovinyl monomer of formula (11): 
and 5 to IS wt% of the (meth)acryr.c monomer of formula (IV). 

17. The organic material according to Claim 16. further comprising 0.01 lo 5 
wt.% of a photochromic coloring agent. 

18. Tbt organic material according to Claim 17, further comprising 2-6 wL % 
of an aromatic divinyl monomer represented by formula (HI). 

19. TheorganicmaterialaccordingtoClaim 18. v/herein the ratio of aromatic 
divinyl to aromatic monovinyl monomers is in the range of 0.008-0.24. 

20. Organic photochromic material having a base itni and having a refractive 
index greater than 1.55. the material comprising: 

(a) at least one monomer represented by the formula. 
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CHj CHj 
CHj=C-J-(OCHR-CHJ.-0-/ Q Vc- ^ O ) -0-{CH,-CHRO).-C-C=CH, 

^ ^ CH,^ ' O 



in which R = H or CH,, and m and n are independently 1 or 2; 

(b) at least one aromatic monovinyi monomer represented by formula. 



C = CH, 



10 R, = H or CHj; 

(c) at least one (meth)acrync monomer represented by formula, 

CH, = C(R) . COOR' 

15 inwhichR = H orCHj, 

R' is a straight-chain or branched C4 to C^^ alkyl radical, an allcylaryl radical, or a 
polyoxyethoxylatcd group with formula -{CU^-^^jO)^^" in which n = 1 to 10 and R* - 
CHj or CjHs; 

(d) at least one photochromic coloring agent; and 

20 (e) at least one non-photochromic coloring agent to impart a base tint to said 

material 

21. Organic material formed by the radical polymerization of a polymerizable 
composition compriang, 50-90 wt % of at least one monomer represented by fonnula (I); 

2 5 10-30 wt. % of at least one aromatic monovinyi monomer represented by formula (D); 1-20 

wt. % of at least one (meth)aciyGc monomer represented by formula (TV); and 0.05-0.5 wt. 
%ofa radical polymerization initiator. v ' 

22. The organic photochromic material according to Claim 21, wherein the 
30 polymerizable composition fiirther comprises up to IS wt. Vo of an aromatic divinyl 

monomer represented by the fonnula 
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10 



IS 



where R, =HorCH,. 

23. The organic material according to Claim 22, wherein the polymcrizablc 
composition fiirther comprises up to 5 wt. % of a chain transfer agent selected from the 
group consisting of (a) a straight chain alkanethiol selected from the group consisting of 
butancthiol. pentanetHol, hcxanethiol, heptanethiol, octanethiol, dccancthiol. dodecanethiol, 
and tetradecanethiol; and (b) a bis-mercaptotthyi ether. 

24. The organic material according to Claim 23. wherein the polymerizable 
composition further comprises a hindered amine stabilizer. 

25. The organic material according to Claim 21. wherein the radical 
polymerization initiator is a non-peroxide initiator. 

26. The organic material according to Claim 25. wherein the polymerizable 
composition further comprises 0.01-10 wt.% of at least one photochromic coloring agent. 

27. The organic material accoiding to Claim 26. wherein the photochromic 
coloring agent is selected from the group consisting of spiroxaanes, spiropyrans and 
chromenes. 

28. ITie organic material a'ccording to Claims 21 or 26, wherein the 
25 polymerizablecomposition farther comprises at least one non-photochromic coloring agent. 

29. Transparent organic materials having refractive index greater than 1 .55. the 
material conasting essential^ of a copolymer o£ 

(a) at least one monomer represented by general formula (I). 
CH CH, CH, 

CH,=<:-C-<OCHR-CH0.-O- ( O ) -C" (O ) -O-(CH,-CHR0VC-C=CH, 
O ^ CH3^ 0 



20 
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in which R = H or CH,. and m and n arc independently 1 or 2; and 

(b) at least one aromatic mono vinyt monomer represented by formula (II). 



XO 



20 



25 



30 



R, = H or CHy 



C = CHj 



30. The organic transparent material of Claim 29, further comprising 
(a) at least one (mcth)acryKc monomer represented by foimula (IV), 

CH, = C(R)-COOR' 



in which R = H or CH,, 

R' is a straight-chain or branched C, to C^, alkyl radical, an alkylaryl radical, or a 
polyoxyethoxylatcd group with formula -(CHrCH^O)^' in which n = I to 10 and R- = 

15 CH, or CjH,; and 

(b) an aromatic divinyl monomer represented by formula (III). 

}■ 

^(C-CHA 

where Ri = H or CH,. ^ 



31. The transparent organic material according to Claim 29 or 30, further 
comprising a non-halogcnatcd chain transfer agent. 

32. The transparent organic material according to Claim 31, wherein the chain 
transfer agent is a straight chain aDcanethiol selected from the group consisting of 
butanetWol, pentanethiol, hexanelhiol. heptanctKol. octanethJol, decancthiol, dodccancthiol, 

. and tetradecaneihiol. 

33. Method of making organic photochromic material having a refractive index 
greater than 1.55. the method comprising the radical polymerization of a polymerizable 
composition, the composition comprising: 50-90 wt. % of at least one monomer 
represented by fonnula (I); 10-30 wL % of at least one aromatic monovinyl monomer 
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represented by formula (II); 1-20 wt Vo of at least one (niclh)acrylic monomer represented 
by formula (IV); and 0.05-0.5 wt. % of a radical polymerization initiator. 

34. The method of Claim 33. wherein the polymerizable composition forther 
comprises up to 5 % of a chain transfer agent selected from the group consisting of a 
straight chain alkancthiol, and a bis-mcrcaptoethyl ether. 

35. The method according to Claim 34. wherein the chain transfer agent is a 
straight chain alkanelhiol selected from the group consisting of butancthioi, pcntancthiol. 
hexancthiol, heptanethiol, octancthiol, decanethiol. dodecanethiol, and tetradecancthiol. 

36. The method according to Claim 33, wherein the polymerizable composition 
further comprises a hindered amine stabilizer. 

37. The method of Claim 33, wherdn the radical polymerization initiator is a 
non-pero)ddc initiator. 

38. The method of Claim 37, wherdn the polymerizable composition further 
comprises up to 15 wt, % of an aromatic divinjd monomer represented by the formula 



20 



30 



where Rt = H or CHj. 



^(C = CH^ 



39. The method of Qaim 38, wherein the polymerizable composition further 
25 comprises 0.01-10 wt.% of at least one photochromic coloring agent, 

40. The method according to Gaim 39. wherein the photochromic coloring 
agent is selected from the group consisting of spiroxazines. spiropyrans and chromenes. 



41. The method according to Claim 33 or 39, wherein the polmcrizable 
composition farther comprises at least one non-photochromic coloring agent. 
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42. Method of forming a photochromic organic material having a base tint, by 

(a) radical polymerization of a compoaiion comprising, 50-90 wt. % of at least one 
monomer represented by formula (I); 10-30 wl. % of at least one aromauc monovinyl 
monomer represented by formula (II); 1-20 wt. % of at least one (meth)aaylic monomer 
represented by formula (IV); 0.05-0.5 wt % of a radical polymerization iniilaior, and 0.01- 
10 wt% of at least one photochromic coloring agent to form a photochromic material; and 

(b) thermal diffusion of at least one non-photochromicdyc into the photochromic 
material. 

43. The method according to Claim 42, wherein the composition further 
comprises up to 15 wt. Vq of an aromatic divinyi monomer represented by the formula 

where Ri = H or CHj. ^ 

44. Articles comprising the organic material according to any one of Claims 1 

to 32. 

45. ^ Article according to Claim 44, characterized by the fact that such article is 
an ophthalnuc lens. 

46. Article according to Claim 44, characterized by the fact that such article is 
a glazing for vehicles or buildings. 
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